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COST AND PERFORMANCE REPORT
B execuTi VE SUMVARY I

RPF-051.pm5\1116-02.pm5

Thi s report summari zes cost and perf or mance
datafor asoil vapor extraction (SVE) treat-
nent applicationat the Véll Nunber 3 Subsite
of the Hastings G oundwat er Contam nati on
Superfund site. Soil at the sitewas contani-
nat ed wi t h hal ogenat ed or gani ¢ conpounds.
Gontamnationwas attributedtospills of
carbon tetrachl oride (G ) which had been
used i n the 1960s and 1970s as a fun gant at
agrainstorage facility. Gnecentrations of A1 ,
vwere neasured inthe soil gas at thesite at

| evel s over 1, 200 ppnv.

O Sept enber 26, 1989, a Record of Deci -
sion (R(D) was signed to i npl ement SVE as
an Interi mSource Control neasure. EPA and

t he Nebr aska Depart nent of Environrment al
Quality established anextractionrate for Gd |
of 0.001Ib/hr as the cl eanup goal , with
operation of the SVE systemrequired until
fieldanal ytical resultswereverifiedthrough

| aboratory anal ysis and it was confirned t hat
no reboundi ng of GJ , was occurring.

Apilot-scale S¥Etreatability study was con-
ducted fromApril to My 1991. The pil ot -
scal e syst emi ncl uded 2 deep and 2 shal | ow
extractionwells. Duringthe pil ot-scal e opera-
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Hastings G oundwat er Contam nation Ste
Vel | Nunber 3 Subsite

Hasti ngs, Nebraska

CERCLI S # NED980862668

ROD Dat e: 9/ 26/ 89

Treat ment Application: Remedi al
Treatability Study Associated with
Application? Yes (see Appendi x A

Backgr ound

tion, 45 pounds of Gd , ere renoved. The
full -scal e SVE syst emconsi st ed of 10 extrac-
tionwells (5deep, 3interned ate, and 2

shal low), 5nonitoringwel | probes, anair/

wat er separator, a vacuumpunp, and vapor
phase granul ar activated carbon (GAQ. The
full -scal e systemdesi gn i ncl uded t he t wo
deep extraction wel | s and one of the shal | ow
extractionwel s usedinthe pilot-scal e study.

The SVE syst emwas oper at ed fromJune 25,
1992 toJuly 1, 1993 to treat approxi nately
185, 000 cubi ¢ yards of soil. The SVE system
achi eved the 0.001 Ib/hr G , extractionrate
wthin6 nmonths, wth confirnation of anal yti -
cal results and no reboundi ng of GJ , by Jul'y
1993.

Actual costsfor installingandperforningthe
SVE application, including disposal costs for
the GAC, were appr oxi nat el y $370, 000,

whi ch corresponds to $620 per pound of CJ .
renoved (600 pounds renoved) and $2. 00
per cubic yard of soil treated. This|arge-scal e
proj ect benefited fromtreatnent of soil wth
relativelylowlevel s of contaminantsinthe soil

ges.

EPA S| TE Program Test Associated with
Application? No

Period of Qperation: 6/25/92 - 7/1/93
Quantity of Material Treated During
Application: 185,000 cubi c yards of soil
(based on an esti mat e provi ded by t he
vendor of an areal extent of contanination
equal to 40,000 ft 2and a dept h of cont am -
nation equal to 125 ft) [21]

H storical Activity that Generated Contani -
nationat the Ste: Gainfumgation

Correspondi ng SI C Code(s): 0723A (Crop
Preparation Services for Mrket, Except
Gtton @ nning - Gain Funigati on)

Wast e Managenent Practice that Contrib-
uted to Contanmination: Spill/contam nated
aqui fer
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site. AsshowninFHgure?2, thesite

Site Hstory: The Hasti ngs G oundwat er

Gont ami nat i on Super fund si te (Hasti ngs)

islocatedin Adans Gounty, Nebraska,

as shownin FHgure 1. The site was used

asagrainstoragefacilityinthe 1960s

and 1970s. During this tine, carbon

tetrachl oride (Gd ) was used as a .
fumgant and spillageresultedin soil

and groundwat er contam nation at the /

consi sts of several contan nant source

areas referred to as subsites. The Wl |

Nunber 3 Subsiteis the location of a

QG , groundwat er contani nant pl une

and G , soi | contam nation ext endi ng
fromthe wat er tabl e to near the surface

of the subsite. Contamnati on was detected in
sanpl es of the public water systemof
Hastings col | ect ed by t he Nebraska Depart -
nent of Health (NDCH) in 1983 i n response
tocitizen conplaints. Alsoin 1983, NDCH
and t he Nebr aska Depart ment of Environnen-
tal Quality (NDEQ began to study groundwa-
ter contaminationin Hastings. BPA began
quarterly sanpling of wellsin 1985. From
1986 t hr ough 1989, EPA perforned soil gas
surveys toidentify and characterize the
suspect ed source areas. [1]

Regul atory Context: [1, 20, 22] On Septem
ber 26, 1989, a RCDwas si gned by EPA f or
Interi mSource Control (perabl e Lhit 7, the

Site Logistics/Contacts

Hastings Groundwater
Contamination Superfund Site
Well Number 3 Subsite
Hastings, Nebraska

Figure 1. Ste Location [1]

Vel | Nunber 3 Subsite. Soi|l vapor extraction,
followed by air emissions treatnent wth
granul ar activated carbon (GO, was sel ect ed
as the nost appropri ate source control action
to protect public health and t he envi ronnent
by control Iing and reduci ng the nigrati on and
vol une of the contamnants present at the
site. The RDal so specified: off-siteregen
eration or incinerationof the GACat an
approved treatnent facility; nonitoring of the
contamnants i nthe soi | above the aqui fer;
groundwat er noni toring; and nonitoring of
the air emissions fromthe GACtreat nent.

Si te Managenent: Fund Lead
Oversight: EPA

Renedi al Proj ect Manager:
O ane Easl ey

US EPARegion7

726 M nnesot a Avenue
Kansas Aty, KS 66101
(913) 551-7797

State Contact:

R chard Schl enker

Nebr aska Depart ment of Envi ronnent al
Qality

1200 NSreet, Suite 400 - Atrium

Li ncol n, NE 68509- 9822

(402) 471-3388

Tr eat nent Syst em Vendor :
Steve Roe

Mor ri son- Knudsen Cor por at i on
7100 East Bel | evi ew Avenue
Sui te 300

Engl ewood, CO 80111

(303) 793-5089
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Bl SITE INFORVATION (CONT.) [

Background (cont.)
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Figure 2. Hastings G oundwat er Contanination Site [20]
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B vATRI X DESCRI PTI ON [N

Type of Matrix processed t hrough the
treatnent system Soil (insitu)

Cont am nant Characteri zati on

Pri mary cont am nant groups:
Hal ogenat ed Vol ati |l e O gani ¢ Conpounds

The primary contamnant i dentifiedinthe soil
at the VWl | Nunber 3 Subsite was carbon
tetrachloride (Qd ). Qher contan nants
identifiedat the siteincluded chl orof orm
trichl oroethene (T, 1, 1-di chl or oet hane
(D&, 1,1,1-trichl oroet hane (TG, and

t et rachl or oet hene (PCA) .

The resul ts of soil gas surveys conduct ed by
BPAat the site and shownin FHgure 3, indicate
that the highest G , concentration neasured
inthesoil gaswas 1,234 parts per mllion

vol ure (ppnv) at 112 feet bel owthe ground
surface. Inaddition, Gd . concentrati ons were
hi ghest at dept hs of greater than 40 feet

bel owground surface. [1, 2]
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Figure 3. Soil Gas Concentrations [1]
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Il MATRI X DESCRI PTION (CONT.)

Matri x Characteristics Affecting Treat ment Cost or Performance

The naj or natrix characteristics af fecting cost the Lhified Soil d assification System(UCS
or performance for this technol ogy and t hei r for soils at 20 and 100 f eet bel owground
neasur ed val ues are presented i n Tabl e 1. surface (BG) is shownin Tabl e 2.
Aparticlesizedistribution as deternined by

Table 1. Matrix Characteristics [4]

Matrix Characteristic Value Measurement Method
Soil (lassification Not  Available -
Particle Size Distribution See Table 2 Unified Soil Classification System (USCS)
26.3% at 20 feet BGS Not  Available
Moisture  Content*
9.0% at 100 feet BGS Not  Available
19 x 10 cm? (shallow zone)*
Air  Permeability Gas Tracer Test
62 x 10 cm?* (deep zone)**
Porosity Not  Available -
270 mg/kg at 20 feet BGS Not  Available
Total Organic Carbon*
<50 mg/kg at 100 feet BGS Not  Available
Nonaqueous Phase Liquids Not  Available -
Depth to Groundwater 125 feet BGS Field  Measurement
Depth of Contamination 125 feet BGS Field  Measurement

*Mbi sture Content and Total O ganic Carbon results are fromsanpl es coll ected fromsoil boring of extraction well SVE-1D.
**” Shal | ow zone” is defined as 0-65 feet BGS; the “deep zone” is defined as >65 feet BGS.

Table 2. Particle Size Distribution of Soil Sanpl es fromthe Hastings Wl | Nunber 3 Subsite [4]

Depth
Soil  Type 20 Feet BGS 100 Feet BGS
Gravel 0.00% 0.00%
Corase Sand 0.107% 9.307%
Medium Sand 0.00% 8.607%
Fine Sand 1.50% 51.80%
Very Fine Sand 2.00% 23.40%
Silt 73.70% 6.90%
Clay 22.607% 0.035%
Site Geol ogy/ Strati graphy
The Hastings siteis underlai n by two distinct consi sts of wel | -graded medi umt o coar se

fluvial lithol ogi es consistingof unconsol i dated gravel ly sand. Thewater tableissituatedin
sands, silts, andgravel s of the Heistoceneand thelower unit at a depth of approxi nately

M ei st ocene/ M ocene ages. The upper fl uvi al 125 feet bel owground surface. Astratigraphic
unit consists of apoorly-gradedfine sandto cross sectionof thesiteis presentedinHgure
siltyclay sandwhilethelower fluvia unit 4. [3, 4
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Figure 4. Stratigraphic G oss Section [4]

Primary Treat nent Technol ogy

B TREATMENT SYSTEM DESCRI PTI ON NG

Soi | vapor extraction

Suppl enent al Treat nent Technol ogy

Post-treatnent (air) using carbon adsorption

Soi | Vapor Extraction SystemDescription and Qperation[2, 3, 4]

SystemDescri pti on

The SVE systemused at t he Hastings V¢l |
Nurber 3 Subsi te consi sted of 10 extraction
vells (5deep, 3internediate, 2shallow, five
noni tori ng wel | probes, and associ at ed
vacuumand ai r treat ment equi pnent. The

| ocation and dept h of these wel |'s are pre-
sentedin F gure 5 and Tabl e 3, respectively.
Extractionwel | swereinstalled at different
depths to capture the vertical extent of the
cont am nat i on whi ch ranged fromt he ground
surfacetothewater table. The extractionwells
were constructed with 4-i nch di aneter,
schedul e 80 pol yvi nyl chl oride (PVQ pi pe,

w th 0.01-i nch PMCscreen. The internedi ate
and deep extractionwel Iswereinstalledin
pairs (three sets of collocatedwells) approxi -
nately 5 feet apart.

Ful | - scal e syst emdesi gn was based on t he
resultsof thepilot-scaletreatability study
(Appendi x A along with information onthe
site geology and the resul ts of a punp test.
The two deep extraction wel | s and one of the
two shal  owextraction wel | s usedinthe
treatability study were utilizedfor thefull-
scal e appl i cati on. Qe shal | owextraction wel |
usedinthetreatability study was capped and
abandoned because the wel | interfered with
pl acenent of the activat ed carbon cani st ers.
Additional wells addedfor thefull-scal e
applicationincluded one shal | owwel |, three
internedi ate well s, and t hree deep wel | s.

For eachwel | pair, the screenedinterval of the
internedi ate wel | was 50 to 80 feet bel ow

ground surface (bgs), and 80 to 110 feet bgs
for the deepwel I's. This configuration all owned
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B TREATMENT SYSTEM DESCRI PTION (conT.) [

Soi | Vapor Extraction SystemDescription and peration[2, 3, 4] (cont.)

Figure 5. Location of Extraction and Monitoring Wl 1s [2]

Tabl e 3. Status of Extraction and Monitoring Wl ls [3]

Screened Interval
Well Type Well No. Status* (n Feet Below Ground Surface)
Deep  Extraction SVE-1D Used in TS and FS 103-113
SVE-2D Used in TS and FS 110-115
SVE-4D [nstalled for FS 80-110
SVE-5D [nstalled for FS 80-110
SVE-6D [nstalled for FS 78-108
Intermediate Extraction SVE-41 [nstalled for FS 50-80
SVE-51 [nstalled for FS 50-80
SVE-61 [nstalled for FS 50-80
Shallow  Extraction SVE-18 Used in TS and IS 20-40
SVE-23 Abandoned from T3 30-40
SVE-35 [nstalled for FS 20-40
Monitoring MP-1P Used in TS and FS 55, 70, 110, 120
MP-18 Used in TS and FS 10, 30, 40
MP-2 [nstalled for FS 50, 70, 90, 110
MP-3 [nstalled for FS 50, 70, 90, 110
MP-4 [nstalled for FS 50, 70, 90, 110
*TS- Treatability Study FS - Full -Scal e Qperation
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B TREATMENT SYSTEM DESCRI PTION (conT.) I

RPF-051.pm5\1116-02.pm5

Soi | Vapor Extraction SystemDescription and Qperation [2,3,4] (cont.)

sel ective operation of thewells at hi gher
vacuuri f | owcondi ti ons t han coul d be
achi eved t hr ough one wel | .

Each extractionwel | wasinstalledwtha
vacuumgauge to noni tor wel | head condi -
tionsandabutterfly valvetothrottlethe well
head vacuumand sel ect use of the 30-f oot
screened wel | . The extraction wel |l s were hard
pipedto the extraction and treat nent system
w th heat traced and i nsul at ed PMCpi pe, as
shown in H gure 6.

The extraction and treat nent systemcon-

sistedof anair/water separator, anair-to-ar
heat exchanger, a vacuumpunp, and vapor
phase granul ar activated carbon (GAQ. The

extraction systemconponent s wer e mount ed
on a process ski d whi ch i ncl uded a fl ow

net eri ng pi pi ng run where t he t enperat ure,
pressure, and fl owrate of the extracted gas
were noni tored. The configuration of the

equi prent on t he process skid and t he
arrangenent of the systemare shownin
Fgue?7.

The syst emi ncl uded si x 1, 000- pound cani s-
ters of GAC configuredintwo stages of three
cani sters each. Wen spent, carbon cani sters
veretransportedtoaregenerationfacilityin
Parker, Arizona. The treated vapors were

di scharged to the air through a 20-f oot hi gh
steel stack.

Figure 6. SVE SystemSite Layout [2]
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Soi | Vapor Extraction SystemDescription and peration[2, 3, 4] (cont.)

Figure 7. Process Area General Arrangenent [2]

System Qperation [ 2, 6]

The SVE syst emwas oper at ed fromJune 25,
1992 to July 1, 1993 for atotal of 6, 600
hours. During operation of the SVE system
sel ective use of the extractionwel |'s occurred,
dependi ng on the resul ts of vapor sanpl es
col l ected at theindividual wellheads. Addi-
tionally, theentire systemwas tenporarily
shut down when the overal | extractionrate
was | ess than the required cl eanup extraction
rate, carbon breakt hrough occurred, or a
sanpl i ng event occurred. Achronol ogy of the
SVE operati ons, includi ng adescription of
activities, ispresentedinTabl e 4.

Dependi ng on t he nunber of wel | s bei ng
punped at agiventine, thetotal air flowrate
ranged from519 to 754 standard cubi ¢ f eet
per ninute and the extraction wel | head
vacuuns ranged from3.05 to 7. 6 i nches of
ner cury.

Adetail ed descriptionof the S\Eoperationis
present ed bel ow|[ 22] :

June-July 1992: Theinitial operations of the
SVE syst emf ocused on the “heart” of the

cont ani nat ed area usi ng extraction wel |l s
SVE1S -1D -3S -5I, and -5D SVE nodel i ng
resultsindicatedthat the S/Esystemat the
Vel | Nunber 3 Subsite woul d not generate
enough vacuumt o ef f ecti vel y remove con-
tamnants if al | extractionwells were opened.
Initially, theplanwastoextract fromthis area,
thentoextract fromthe fringes (extraction
wells SY\E4l, -4D -61, and -6D, nodifying the
gas flowpattern as t o when wel | s were

opened and cl osed. Thi s operation pl an was
unsuccessf ul because t he hi gh vacuumgener -
ated by punpingonly ontheinterior wells,
drewwat er into the SVE system which
resulted in a systemshutdown. h July 1,

1992, systemoperationincluded al | extraction
wel | s. The SVE syst emwas operated for 789
hour s wi t h vacuumon al | wel | s. The concen-
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B TREATMENT SYSTEM DESCRI PTION (conT.) I

Soi | Vapor Extraction SystemDescription and peration[2, 3, 4] (cont.)

Tabl e 4. SVE System Qper ati ons Chronol ogy [ 6]

RPF-051.pm5\1116-02.pm5

Cululative
Cululative Elapsed
Down  Time | Run  Time
Date Time (hrs) (hrs) Description
. Start—-up full-scale operation with extraction wells
06/25/9° 11:30 0 0 SVE-1S, ~1D, 35, 5L, and —5D open
. Opened remaining wells (SVE-4D, —4I, —6D, and —6)
07/01/92 e e L4 to reduce excessive water
07/22/92 15:40 59 647 Wells SVE-1S and -3S were taken out of service since
) ’ no contamination was being detected in samples.
07/26 /92 14:55 6.3 789 Entire system shut down for 9 days to evaluate VOC
: : rebounding effects.
08,/06,/92 12:00 198 810 The system was restarted with all wells pumped.
Wells SVE-1S, -3S, and -4I were taken out of service
08/10/92 08:20 198 903 because no contamination was being detected in
samples.
09/17/92 22:52 211 1816 System shut-down due to carbon breakthrough.
10/10/92 15:45 759 1816 System start—up after carbon replacement with all
: wells being pumped.
10/13/92 18:00 759 1890 Spent carbon shipped to TSD Facility.
Wells SVE-1S, -3S, and -4I were taken out of service
10/19/92 10:20 760 2027 because no contamination was being detected in
samples.
11/04/92 09:30 760 9409 Operation of the carbon system was changed to two
’ stages of two adsorbers per stage.
System shut-down due to concentration of CCI in
11/28/92 20:45 760 2996 composite carbon outlgt exceeding the
concentration of CCI in the carbon inlet.
11/30/92 17:00 780 3020 Restart SVE syslem.
Granular activated carbon was removed fron the
. system. EPA and NDEQ determined that the risk
Le/al/%2 e i saly attributed to air emissions were low and that the GAC
should be removed.
. System shut down for two months becauyge extraction
01/04/93 09:30 78l 3852 rate below 0.001 Ib/hr CCI
02/06,/93 13:20 1577 3852 System start-up for sample collection only.
02/06,/93 14:20 1577 3863 System shut-down after sample collection.
03/04/93 13:08 2200 3853 System start-up with extraction wells SVE-1D, 18, 35,
' —5l, 5D open.
03/24/93 1115 2207 4325 Opened remaining wells (SVE-4D, —41, 6D, and —6I).
: Closed extractions wells SVE-3S and -4 to increase
04/29/93 9:15 2208 5188 the vacaum ab SVE-5D.
nr i o A VA A 1 [Rianl . 1
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Soi | Vapor Extraction SystemDescription and peration[2, 3, 4] (cont.)

trationlevel of G, inthe gas streamcol -
lected at the systeminlet (S101), dropped
from140 pg/L to 13 pg/ L as neasured i n t he
EPA anal ysi s of the 6-L SUWA™ cani sters.
O July 26, 1992, the systemwas shut down
for 9 days t o eval uat e VOC r eboundi ng
effects.

August - Sept enber 1992: n August 6, 1992,
the systemwas re-started (all SvEwells) to
det er mi ne reboundi ng ef fects. The anal yti cal
resultsindicatedthat therevaslittleor no
reboundi ng. The syst emwas oper at ed,

punpi ng on al | extraction wel | s whi ch con-

tai ned & until Septenber 17, 1992 (1, 027
hour s) when t he systemwas shut down to
repl ace GAC

Qct ober - January 1993: The systemwas
restarted on Qctober 10, 1992 and oper at ed
continuously until January 4, 1993 (an addi -
tional 2,036 hours). In Novenber, additional
peaks i n t he sanpl e anal yses wer e not ed by
theon-site anal yst. The on-site anal yti cal

syst emused an el ectron capt ur e det ect or

whi chis sensitivetochlorinatedsol vents.
SUMVA™ cani st er sanpl es were col | ect ed
fromthe wel | head | ocati ons fromwhere t hese
ext ra peaks were noted (S 101 and SVE-5D
on Novenber 23, 1992 and sent to t he EPA-
Region M| laboratory. Anal ysis of these

sanpl es confirned t he presence of ot her
VO3s i nthe system

I n Decenber 1992, several operational
changes t ook pl ace. The NDEQ det er m ned
that, duetothelowlevel s of VOG present in
the SVE gas stream the GACcoul d be re-
noved, and EPA and t he NDEQ set an extrac-
tionrate renediationgoal for G  at 0.001
pounds/ hour. Thi s | evel woul d need to be
achi eved based upon pul sed punpi ng, and
verifiedwth soi |l -gas sanpl i ng usi ng

SUMVA™ cani st ers. The SVE syst emwas shut
down on January 4, 1993 for a two-nmonth
resting period.

February 1993: Gas sanpl es were col | ected
on February 6, 1993 for both on-site and BPA
anal yses. The BPAresul ts indicated that the

| evel s of other MO3s i ncreased i n SVE 5D,
while the level s of CJ 4remainedlow Gas
sanpl es were col | ected during very col d

weat her whi ch coul d have affected the resul ts.
SUMVA™ cani st er sanpl es were bel i eved to
be | ess affected by the | owt enper at ures t han
t he syri nge sanpl es.

March 1993: The systemwas re-started with
punpi ng fromwel | s SV& 1S, -1D, -3S, -5I, and
-5D. Sanpl es were col | ected with SUWA™
cani sters on March 4 and 6 t o det er ni ne
reboundi ng ef f ects. Sone i nconsi st enci es

bet ween on-site and of f-si te anal ysi s were
noted. There are several reasons why t hese

i nconsi st enci es may have occurred i ncl udi ng:
(1) sanpl e si ze (10-nb syringe vs. 6-L
SUMVA™ cani sters); (2) tenperature effects
on col | ection net hod; and (3) | owcont am -
nant concentrations. Oh March 24, extracti on
wells SVE4l, -4D, -6l, and -6Dwere added t o
t he system

April-June 1993: EPA and NDEQagr eed t hat
t he syst emwoul d run conti nuousl y unti |

anal ytical results cou dbeverified, or until July
1, 1993. Al extractionwells were bei ng
punped. Afinal inspection of SVEsystem
operation took place on April 19, 1993. On
April 29, 1993, two extractionwells were
removed fromthe system(SVE-3Sand -41) to
i ncrease fl owto SV&50 @l | ection of verifica-
tion sanpl es was conduct ed on May 1, 1993
with the col |l ection of SUMA™ cani st er
sanpl es fromSVE-5D and S- 101 (system
inet). Qrsitetestingresultsindi catedthat the
Qad, levels renained low Of-site BPAanal y-
ses of sanpl es indicatedthat the on-site, field
net hod has a negat i ve bi as of approxi mately
50%

Post - June 1993: SVE ski d equi prent was

di snant | ed and noved to EPA s storage area

i n Hastings, Nebraska. BPA abandoned al | SVE
extraction wel | s and noni tori ng probes. The
chai n-1i nk fence has been reconfiguredto
accommodat e t he groundwater treatability

st udy system
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B TREATMENT SYSTEM DESCRI PTION (conT.) I

Qperating Parameters Affecting Treat nent Cost or Perfornance

The n@j or operating paraneters af fecting cost or perfornance for this technol ogy and t he
val ues neasured for each are presented i n Tabl e 5.

Ti nel

i ne

Table 5. Qperating Paraneters [ 6-19]

Parameter

Value

Air flow rate

Operating  vacuum

504 to 858 scfm
3.05 to 7.6 inches of Hg

Atinelinefor this applicationis shownin Tabl e 6.

Table 6. Tineline [1, 2, 4, 6]

Start Date End Date Activity
06/10/86 — Site placed on NPL
09/26/89 — ROD for Operable Unit 7 signed
04/15/91 05/09/91 Treatability test performed
02/92 03/92 Installation of additional full-scale extraction and monitoring
wells
03/92 06/92 Procurement and fabrication of the vacuum extraction equipment
04/92 06/92 On-site construction of extraction and treatment system
06/25/92 07/01/93 Full-scale operation of SVE

B TrReaATVENT SYSTEM PERFORVANCE

G eanup Goal s/ Standards [ 1, 5]

No cl eanup | evel s were speci fiedinthe 1989 water extraction and treatnent. For extraction
RCD. The renedi al action at the Vel | Nunber rates | ess than the cutof f val ue, groundwat er

3 Subsite was conpl eted as aninterim

extractionandtreatnent at this site was found

neasur e for t he purpose of control | i ng con- to be | ess expensi ve t han SVE
tamnant mgration. | nDecenber 1992, EPA

and t he Nebr aska Depart ment of Environnen-
tal Qualityestablishedanextractionratefor
carbon tetrachl oride of 0.0011bs/hr as a cut of f
val ue for ternminati ng operation of the SVE
system Therational e for the cutof f was

Inaddition, BPAdeternined that the system
was to be operated until thefieldanal ytical
results were verifiedthrough |l aboratory
analysisandit was verifiedthat no rebound ng
of &, was occurring.

supported by a cost conparison w th ground-

o““ED ST"'&-
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B TREATMENT SYSTEM PERFORMVANCE (conT.) I

RPF-051.pm5\1116-02.pm5

Treatnent Performance Data [2, 3, 6, 21, 22]

Tr eat nent perfornance data for operation
runningtine, air flowrates (), nass extrac-
tionrate, andtotal nass renoved for carbon
tetrachl oride for this SVE systemare shown in
Tabl e 7. F gures 8 and 9 showt he nass
extraction rate and cumul ati ve nass renoved
for carbontetrachl oride, respectively, plotted
agai nst tinefor the operation of the SVE
system These data are based on fi el d anal yti -
cal results. The rate and nass were cal cul ated
fromt he concentrations of extracted vapor
sanpl es col | ected at t he carbon systeminl et .
Sanpl es of the extracted vapor were col | ect ed
weekl y usi ng a gas-tight syringe and anal yzed
on site wth a gas chromat ograph for carbon
tetrachiorideonly. [2, 3, 6]

Tabl e 8 present s the carbon tetrachl ori de
concentrations neasured at each wel | head
and t he carbon systeminl et. Sanpl i ng oc-
curred at each extractionwell onanonthly

basi s wi th anal yses perforned onsite. Oh a
peri odi ¢ basi s, sanpl es fromthe wel | heads
and carboninl et were col |l ected in stainl ess
steel SUMWA™cani sters and were anal yzed
by aRegion M| laboratory for volatil e organi c
conpounds (MQOCs). The cani ster sanpling
results, presentedin Table 9, were used to
conpare with the syringe sanpl e resul ts and
to quantify other VMOGs that may be present.

Post -t reat nent sanpl i ng of the soil gas or soil
bori ngs was not perforned because of difficul -
tieswthdetectingMI>Z insoilsat thesite.

Soi | sanpl es col | ect ed duri ng t he previ ous

i nvestigations frequently showed non-det ect s
inlocationswheresignificant |evel s of soil gas
were found. Therefore, it was concl uded t hat
soi | gas was anore rel i abl e and easi | y nea-
sured i ndi cation of vadose zone cont am na-
tion

Tabl e 7. SVE SystemQperati on Log [ 6]

CCl4
Corrected Time of Extraction
Down Time Qs CCl4 @ S-101 | CCl4 @ S-101 Operation Rate Total CCl4

Date Time (min) (scfm) (ug/L) (ug/L) (hrs) (Ib/hr) Removed (Ib)
6/25/92 11:30 0.00
6/25/92 11:52 0 771 48.00 88.80 0.37 0.256 0.09
6/26/92 08:45 190 728 111.00 205.35 18.08 0.560 10.02
6/27/92 7:30 15 530 42.00 77.70 40.58 0.154 13.49
6/30/92 9:00 25 485 56.00 103.60 113.67 0.188 27.27
7/08/92 14:00 20 680 13.97 25.84 310.33 0.066 40.19
7117/92 15:10 60 678 10.03 18.56 526.50 0.047 50.38
7122192 10:16 0 658 10.11 18.70 641.60 0.046 55.68
7128192 9:25 70 620 15.14 28.01 783.58 0.065 64.92
8/06/92 15:31 11520 728 8.08 14.95 813.68 0.041 66.15
8/12/92 11:25 720 673 6.66 12.32 941.58 0.031 70.12
8/19/92 10:50 15 600 12.48 12.48 1108.75 0.028 74.81
8/26/92 10:30 0 595 12.19 12.19 1276.42 0.027 79.36
9/03/92 20:07 0 579 2.63 2.63 1478.03 0.006 80.51
9/07/92 17:48 0 582 5.66 5.66 1571.72 0.012 81.67
9/12/92 15:07 40 579 3.14 3.14 1688.37 0.007 82.46
9/17/92 19:49 0 523 4.06 4.06 1813.07 0.008 83.46
10/10/92 16:21 32693 0 4.32 4.32 1816.72 0.000 83.46
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B TREATMENT SYSTEM PERFORVANCE (conT.) I

Treat ment Performance Data [2, 3, 6, 21, 22] (cont.)

Table 7 (cont.). SVE SystemQperation Log [ 6]

CCl4
Corrected Time of Extraction
Down Time Qs CCl4 @ S-101 | CCl4 @ S-101 Operation Rate Total CCl4

Date Time (min) (scfm) (ug/L) (ug/L) (hrs) (Ib/hr) Removed (lb)
10/19/92 13:00 0 655 3.24 3.24 2029.37 0.008 85.15
10/25/92 17:29 0 583 2.52 2.52 2177.85 0.006 85.96
10/31/92 15:40 30 574 2.95 2.95 2319.53 0.006 86.86
11/07/92 14:00 0 520 2.29 2.29 2485.87 0.004 87.60
11/17/92 17:32 19 504 2.47 2.47 2729.08 0.005 88.74
11/12/92 11:06 0 502 2.21 2.21 2866.65 0.004 89.31
11/28/92 12:06 0 512 1.03 1.03 2987.65 0.002 89.55
12/01/92 17:00 0 519 1.04 1.04 3064.55 0.002 89.70
12/05/92 12:57 0 523 1.37 1.37 3156.50 0.003 89.95
12/12/92 12:29 25 507 151 151 3323.62 0.003 90.43
12/23/92 11:34 40 659 0.49 0.49 3586.03 0.001 90.75
12/30/92 16:36 0 669 0.12 0.12 3759.07 0.0003 90.80
2/06/93 13:52 47760 858 0.13 0.13 3872.33 0.0004 90.85
3/04/93 13:08 37380 538 0.67 0.67 3872.60 0.0014 90.85
3/06/93 16:48 0 708 0.11 0.11 3924.27 0.0003 90.86
3/13/93 16:39 0 547 1.63 1.63 4092.12 0.0033 91.42
3/23/93 16:31 440 562 0.39 0.39 4324.65 0.0008 91.61
4/03/93 14:19 0 767 0.57 0.57 4586.45 0.0016 92.04
4/10/93 16:22 0 757 0.38 0.38 4756.50 0.0011 92.23
4/17/93 16:22 17 743 0.30 0.30 4924.22 0.0008 92.37
4/24/93 16:22 0 743 0.27 0.27 5092.22 0.0008 92.49
5/01/93 16:30 0 663 0.17 0.17 5260.35 0.0004 92.56
5/08/93 17:12 50 724 0.26 0.26 5428.22 0.0007 92.68
5/16/93 17:12 0 708 0.00 0.00 5620.22 0.0000 92.68
5/22/93 17:12 0 703 0.12 0.12 5764.22 0.0003 92.73
6/15/93 14:03 3515 661 0.06 0.06 6278.48 0.0001 92.80
6/17/93 12:54 0 671 0.22 0.22 6325.33 0.0006 92.83
6/27/93 17:24 3600 687 0.03 0.03 6509.83 0.0001 92.84
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B TREATMENT SYSTEM PERFORVANCE (conT.) I

Treat ment Performance Data [2, 3, 6, 21, 22] (cont.)

Figure 8. Carbon Tetrachl oride Mass Extraction Rate vs. Tine [ Adapted fromRef erence 6]

Figure 9. Cunul ative Mass of Carbon Tetrachl ori de Renmoved vs. Time [ Adapt ed fromRef erence 6]
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B TREATMENT SYSTEM PERFORVANCE (conT.) I

Treat ment Performance Data (cont.)

Tabl e 8. Carbon Tetrachl ori de Concentrations (pg/L) fromOn-site Anal ysis of Extracted Air Sanpl es [ 6]

Sample June 25 July 28 August 6 September | October 10| November
Location 1992 1992 1992 12 1992 1992 23 1992
SVE-15 5.00 0.0 0.0 0.0 0.2 0.0
SVE-1D 240.1 116 8.8 9.6 10.2 4.0
SVE-3S 7.8 0.0 0.0 0.0 0.0 0.1
SVE—-41 42.3 0.0 0.0 0.0 0.4 0.0
SVE-4D 184.8 0.0 134 4.3 8.4 14
SVE-51 263.9 4.9 9.5 0.2 2.0 0.6
SVE-5D 224.3 15.9 21.6 6.9 2.8 2.6
SVE-61 96.4 2.7 3.8 0.3 10 0.0
SVE-6D 82.7 13.0 9.3 12 1.6 0.6
S-101* 8.8 28.0 15.0 44 4.3 2.2
Sample December | February 6 April 3 May 1 June 17
Location 23 1992 1993 1993 1993 1993
SVE-1S 0.0 0.1 0.0 0.0 0.0
SVE-1D 4.0 0.0 13 1.0 0.4
SVE-33 0.0 0.0 0.0 0.0 NS
SVE—-41 0.0 0.0 0.0 0.0 NS
SVE-4D 13 0.0 0.0 0.2 0.2
SVE-51 0.0 0.4 0.1 0.2 0.0
SVE-5D 0.4 0.0 0.2 0.5 01
SVE-61 0.1 0.1 0.0 0.0 0.0
SVE-6D 0.6 0.0 0.1 0.1 0.0
S-101* 0.5 0.1 0.6 0.3 0.2

*S-101 i s the carbon systeminlet.

NS = Not sanpl ed

Note: Acorrection factor of 1.85 was appliedtoon-site GCresults
obt ai ned bef ore August 12, 1992 to account for negative bi as.

Tabl e 9. Results of Canister Sanpl es [ 6]
Cani ster Results for March 4, 1993

Concentration at Concentration at Concentration at

Extraction Well SVE-1D | Extraction Well SVE-3D Extraction Well

Contaminant (ng/L) (ng/L) SVE-51  (ug/L)
Carbon  Tetrachloride 1.80 0.92 0.52
Chloroform 0.12 0.04 0.13
Benzene 0.17 0.18 0.01
Trichloroethene 1.10 7.20 1.20
1,1-DCE 1.10 5.20 0.98
1,1,1-TCA 0.95 4.60 0.83
PCE 1.40 5.90 1.10
Methylene  Chloride 0.10 0.16 0.43
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B TREATMENT SYSTEM PERFORVANCE (conT.) I

Table 9. (cont.) Results of Canister Sanpl es [ 6]
Cani ster Results for March 6, 1993

Concentration at Concentration at Concentration at
Extraction Well SVE-1D | Extraction Well SVE-5D | Extraction Well SVE-8I

Contaminant (mg/L) (ne/L) (ng/L)

Carbon  Tetrachloride 1.90 Non-Detect 0.37

Chloroform 0.11 Non—Detect 0.12

Benzene 0.32 Non-Detect Non-Detect
Trichloroethene 5.40 Non-Detect Non—Detect
1,1-DCE 4.00 Non-Detect Non-Detect
1,1,1-TCA 3.60 Non-Detect Non-Detect
PCE 5.10 Non-Detect Non-Detect
Methylene  Chloride 0.13 0.18 Non-Detect

Table 9. (cont.) Results of Canister Sanpl es [ 6]
Cani ster Results for May 1, 1993

Concentration at Concentration at
Extraction Well Carbon Extraction Well
Contaminant Inelt, S-101 (ug/L) SVE-5D  (ug/L)
Carbon  Tetrachloride 0.33 0.64
Chloroform Non-Detect Non-Detect
Benzene 0.05 Non-Detect
Trichloroethene 5.30 4.90
1,1-DCE 2.80 2.50
1,1,1-TCA 2.50 .10
PCE 3.00 2.60

Performance Data Assessnent

Areviewof theresultsin Table 7 and H gures 8
and 9 indicates that after approxi nately 3, 600
hours of operation, the SVE syst emachi eved
the extractionrate cl eanup goal of 0.001Ib/hr,
w th a correspondi ng nass of carbontetra-

chl ori de renoved equal to approxi mately 90
pounds. The results indicate that nore than
hal f of the mass renoved occurred during the
first 22 days of operation, andthat the
concentration of carbontetrachl oride at the
vel | heads sharpl y decreased after the first
nont h of operati on.

Toverify that the carbontetrachl ori de cl eanup
goal was achi eved, the systemwas shut down
for 2 nonths t o assess t he potential rebound
inthe carbontetrachl oride concentrati on. As
shown in Tabl e 7, there was no signifi cant

i ncrease inthe carbon tetrachl ori de concen-
trations after a 2-nont h shut down.

The rapi d decrease i n carbon tetrachl ori de
concentrationis further supported by the

i nfornationin Tabl e 8, whi ch shows a de-
crease in GO, concentration by at | east one
order of magni tude fromJune 25to
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B TREATMENT SYSTEM PERFORVANCE (conT.) I

Per f ormance Data Assessnent (cont.)

July 28, 1992 for seven of ei ght sanpl e ene chl oride were present inthe extracted

| ocations, foll owed by a nore gradual de- vapors fromwel | s 1D, 5D, and 51. A so, as
crease i n concentrations t hrough June 17, shown in Tabl es 8 and 9, the . concentr a-
1993. Theresults in Tabl e 9 showthat, in tions neasured on May 1, 1994 using on-site
additionto GJ ,, detectablelevels of chloro- anal yses and cani ster sanpl es were w t hi n 25%
form benzene, trichl oroet hene, 1, 1- of each other for sanplinglocations S 101 (0.3

di chl oroet hene (DB, 1,1, 1-trichl or oet hane vs. 0.33 pg/L) and Vel 1 -5D (0.5 and 0.64 g/ L).
(TG, tetrachl oroet hene (PCE), and net hyl -

Performance Data Conpl eteness

Dat a charact eri ze concentrati ons of contanm - and show how t r eat ment perfornance vari es
nants i n soil vapors fromeach extracti on wel | w th operating conditions of the SVEsystem
over the course of the treatnent operation,

Performance Data Quality [ 12]

Aconpari son of theon-sitesyringeresults, It was deternmined that the fol | ow ng reasons
perforned i n August 1992, with the cani ster coul d have contributed to this bias:

resul ts showed that the syringeresults were
biasedlow The biasis believedtobearesult
of diffusion of the sanpl e fromthe syringe

- Sinpl e sanpl i ng equi pnent (10- L
syringe versus 6-L SUWA™

prior toanal ysis. Alarger sanpl e injection cani sters);

vol une was used to m ni mze the diffusion —  Lowlevel s of contaminantsinthe
effect. Acorrectionfactor of 1.85was devel - sanpl es (at hi gher concentrati ons,
oped for the syringe resul ts based on st udi es smal | fluctuations are not so dra-
done with larger injection vol unes and t he natic);

canister results.
— (ol d weat her conditions; and
Q her exceptions noted by the vendor for this

treatnent application incl uded: - Theon-sitelaboratory and anal yti cal

net hodol ogy was |i nited, whereas
I'n February 1993, a negative bi as was al so the of f-si te anal yses were perf or ned
observed and verified by the March sanpl i ng. by an EPAregi on | abor at ory.

B TreaTVENT SYSTEM cosT I

Procurenent Process [ 2]

EPA s ARCS contractor, Mrrison-Knudsen tor toinstall the newextracti on and noni tor-
Gorporation (M), was assi gned t he Renedi al ing wel I s and procured the GACt hrough a
Desi gn phase work for this action. MKwas vendor. MKal so i ssued subcontracts for

al so retai ned to devel op the A E bi d packages, fabrication of the skid-nounted vacuum

t o provi de oversi ght of the construction of the extractionunit and for on-site construction
treatment system and to operate the SVE operations support. All of the subcontracts
syst emduri ng t he shakedown peri od. MK wer e obt ai ned t hr ough conpetitive bi ddi ng.

contractedwthadrillingfirmas a subcontrac-
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Bl TREATMENT SYSTEM cosT (conT.) I

Inorder to standardi ze reporting of costs
across projects, the treatnent vendor's costs
wer e cat egori zed accordi ng t o an i nt er agency
Vor k Breakdown Structure (VWBS), as shown in
Tabl e 10. The VBS cont ai ns speci fi c el enent s
for activitiesdirectlyattributedtotreat nent.
No cost s were reported by t he vendor for
before- or after-treatnent activities, including
noni toring, sanpling, testing, and anal ysis.

Tabl e 11 present s the actual costs for con-
struction, operation, and decomm ssi oni hg of
the SVE system according to a fornat pro-

vi ded by t he treat nent vendor.

As shown i n Tabl es 10 and 11, actual costs for
thi s application were approxi nat el y

$370, 000. This val ue i s 17%l ess t han t he
$447, 700 value original ly estinated for this
application. [21, 22]

The actual total treatnent cost val ue of

$370, 000 corresponds to $620 per pound of
Q&d , renoved (600 pounds CO | renoved)
and $2. 00 per cubic yard of soil treated. The
nuniper of cubic yards of soil treated at
Hastings i s an esti nat e based on i nfornati on
provi ded by t he vendor; the actual anount of
soil treatedisnot availableat thistinefor
conpari son wth the esti nate.

Tabl e 10. Actual Costs Shown According to the WBS [ adapted from21]

extraction  unit  fabrication)

engineering services, and O&M services)

and award fee)
Dismantling (decommissioning)

TOTAL TREATMENT COSTS

Mobilization/Setup  (well installation, SVE construction, and vacuum

Operation (short-term; up to 3 years) (project monitoring and control,
procurement  support, construction management, technical

Cost of Ownership (GAC, gas chromatograph lease, rolloff bin rental,

$175,404

$159,250

$31,594
$3,380

$369,628

Cost Data Quality

Adet ai | ed breakdown of the cost el enents
and actual cost data were provi ded by the
vendor for this application. Qosts were pro-

vi ded for | abor, equi pnent, subcontracts,
travel, other direct costs, and fees. Gosts were

provi ded for project nonitoring and control,
procur enent support, construction nanage-
nent, technical engineering services, and
award f ee.
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B TREATMENT SYSTEM cosT (cont.) I

Treat nent SystemCost (cont.)
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B o8seErRVATIONS AND LESssoNs LEARNED S

Cost (bservations and Lessons Lear ned

B Actual costsfor installingand per-
formng the SVEapplication, includ ng
di sposal costs for the GAC at the Vel |
Nurber 3 Subsi t e wer e approxi mat el y
$370, 000, whi ch corresponds to
$620 per pound of Cd , renoved
(600 pounds OO |, renoved) and
$2. 00 per cubi ¢ yard of soil treated.

B Actual costs were 17%l ess t han
originally estinated. Accordingtothe
RPM cost savings wererealizedinthe
fol | ow ng areas:

1 The SVE syst emwor ked bet t er
t han expect ed, renoved t he
contaninati on faster than ex-
pect ed, and was on-1i ne about 2/3
of thetine.

2 Savi ngs were real i zed by usi ng
I ocal constructioncontractorsto
provi de oversi ght duringthe
oper ati on phase of the system
The i nvol venent of the ARCS
contractor was linitedto phone

conversations. Limtedsite travel
was required during renedi ati on
phase. Costs were saved by
utilizingaloca chemst to per-
formchenical nonitoring, and by
utilizingaRegionM| laboratory to
provi de of f-site anal ysi s.

3 The strong part nership, i nvol ve-

nment, and comm t nent, between
EPA and the Stat e of Nebraska on
this project all oned operating
deci si ons t o be based upon

syst emper f or nance and t hr ough
an i nteractive deci si on- naki ng

pr ocess.

4 The abi l ity to use one contract

vehi cl e fromdesi gn to proj ect
conpl eti on. he ARCS contract or
desi gned t he systemand t hen
per f or ned pr oj ect oversi ght.
Subcont ract ors procured by t he
ARCS contract or perforned wel | .

Per f ormance (bservati ons and Lessons Lear ned

B Soil vapor extraction net the renedial
actioncutoff extractionrate (0.001
I bs/hr) torenove carbon tetrachl oride
contamnation at this operabl e unit
Wi t hi n approxi matel y 6 nont hs of
systemoperation. No G, reboundi ng
ef fects were observed after a 2-nont h
shut down peri od.

B Mrethan hal f of the contam nant
renmoval occurred duringthe first 22
days of systemoperation.

B TheRMindicatedthat it islikelythat
t he mass of VOCs renoved by t he
systemwas great er t han shown by t he
fieldresults, based onthe fol | ow ng
i nf ormat i on:

1 The BEEf CAdetermned that 400
pounds of Gd  wes estimated to
be present;;

2 Results fromWstat es Car bon
deternmned that the three GAC
cani sters cont ai ned 19%VQCs
(appr oxi mat el y 570 pounds of
VCGCs) ;

3 The use of 10-mb syringes to
col | ect gas sanpl es fromt he
vacuumsi de of the systemduring
operation (approxinately 7 in. of

Hy) . and

4 The off-siteconfirnati ontesting
whichindicated that the on-site
sanpl i ng had a negat i ve bi as of
appr oxi nat el y 50%

I naddition, the RPMi ndi cated that
the on-site gas col | ecti on net hod,
whi | e qui ck and i nexpensi ve, |ikely
resultedinthedil utionof the gas
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Per f ormance Cbservati ons and Lessons Learned (cont.)

& her

sanpl e duri ng sanpl e col | ecti on. The
RPMestimated that atotal of approxi-
mat el y 600 pounds of GO, were
renmoved by t he SVE systemat t he

(bservati ons and Lessons Lear ned

Vel | Nunber 3 Subsite during boththe
treatability study phase and t he
renedi al action phase.

The ful | - scal e system desi gned based
ontheresults of thetreatability study,
was i npl ement ed wi t hout nodi fi ca-
tion. Thetreatability study results
predi cted that a 2-year operation
period woul d be required to renedi -
atethesite. Thefull-scal e system
achi eved t he cl eanup goal s i n | ess
than a year.

For the soi | s at Hastings, nodel Iing
was not reflective of systemperfor-
nance. The nodel i ng predicted a
radi us of influence of 300 feet for the
SVEwel |'s; however, the actual radi us
of influence was found to be at | east
1,500 feet for the system(based on
an anal ysi s of the source for additi onal
cont am nant s renoved by t he SVE

systen).

The on-site anal ytical protocol was
not reflective of actual contaninant
concentrationsinthe extracted soi |
vapor s towards t he end of the rene-
diation(i.e., for | oner concentrations
of VOCs). For | ower VOC concentr a-
tions, alarger sanpl e vol une i s
needed (e.g., a 6-liter SUMA™
can ster).

According to the RPM the SVE system
vas sufficiently flexibletoal | owthe
sequenti al punpi ng of the system
Sequent i al punpi ng was desirabl e for
the fol | ow ng reasons:

1 Wien two or nore wel | s are
| ocat ed cl ose enough t o each
other that their areas of vacuum

i nfl uence overl ap, asnal|l “dead
zone” w Il occur where soil gas
w Il not nove toward either well;
and

2  After an extended punpi ng

period, the rate of MOCdiffusion
fromthe soi | or soil pore water
nmatrix to the soil gas may becone
thelimtingfactor intheabilityto
renmove VOCs fromt he vadose
zone (t he syst embecones
“diffusionlinmted’). Inthiscaseit
isusualybeneficial tostop

punpi ng to al l owtine for equilib-
ri umto be est abl i shed bet ween
the MOZs inthe soil/pore water
nat ri x and t he surroundi ng soi |
gas (i.e., reboundi ng).

B FEPAissued the RCDfor groundwat er

perabl e Lhit 13 on June 30, 1993,
whi ch requi red groundwat er extraction
andtreatnent. EPAinitiated a ground-
vater 30-day treatability study inApril
1994 utili zing noni toring wel | ON1.

G oundwat er nonitoring results
indicatedthat thelevels of G  found
innonitoringwell QV1 varied froma
hi gh of 1,400 pg/L (onetine), to

| evel s bet ween 100- 150 pg/ L prior to
EPAstreatability S¥Eaction. Level s
continued to drop and i n June 1993
were approxi matel y 20 pg/ L. During
BPA s 39-day treatability study/ punp
test, using nonitoring well QN1, the
levels of G, inthewvell averaged |ess
than 5 pg/ L. [22]
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Anal ysi s Preparation

Thi s case study was prepared for the US Environnental Protection Agency's Gficeof Solid
Vst e and Ener gency Response, Technol ogy | nnovation ifice. Assi stance was provi ded by
Radi an Cor porati on under EPA Contract No. 68- V8- 0001.
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B ~PPEND X A - TREATABI LI TY sTunY

SUMMARY

Identifying Information

Site  Location: Hastings, Nebraska

ROD  Date: 9/26,/89

Historical Activity at Site — SIC Codes: 07234 (Crop Preparation Services for Market Except

Cotton Ginning - Grain Fumigation
Historical Activity at Site — Management Practices:  Spill/Contaminated — Aquifer

Site  Contaminants: Carbon Tetrachloride (CCI )‘ and Chloroform
Type of Action: Remedial

Did ROD include a contingency based on treatability

study results? No

Treatability Study Information

Type of Treatability Study: Pilot

Duration of Treatability Study: 4/15/91 10 5/9/91

Media Treated: Soil (in situ)

Quantity Treated: 45 pounds of VOCs removed
Treatment  Technology: Soil Vapor Extraction (SVE)

Four extraction wells (two deep and two shallow were
followed by an air/water spearator, a vacuum pump
blower, and two activated carbon canisters

Target Contaminant of Concern: Carbon Tetrachloride
Conducted before the ROD was signed: No
Additional treatability studies conducted: No
Technology selected for full-scale application: Yes

Treatability Study Strategy

Number of Runs: Three operational tests (step, steady-state, and gas
tracer) were performed
Key Operating Parameters Varied: Vacuum applied, trealment time, air flow rate

Treatability Study Results:

Mass of Contaminants Removed: 45 pounds of CCT  and chloroform from four wells
Pre-test Soil Vapor Concentrations: 0.3 pg/L to 440 pg/L of CCI

(measured by on-site laboratory) 0.01 yg/L to 250 ng/L of chloroform

Post—test Soil Vapor Concentrations: Non—detectable to 2.0 ng/L of CCI A

(measured by on-site laboratory) 0.002 pg/L to 2.0 ug/L of chloroform

Correlation of Operating Parameters with

Performance Data: Greater treatment time resulted in higher mass of

contaminant removed; removal of contaminants was
higher in deep wells compared to shallow wells

o““ED ST"'&-
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B APPENDI X A - TREATABI LI TY sTupby (conT.) I

Treatability Study Purpose [4]

The overal | purposes of the pilot-scal etreat -
ability study wereto:

B (llect dataonthe renoval rate of
carbon tetrachl oride (G ) and
chl orof ormby the pil ot SVE systemin
order to devel op ful | -scal e treat nent
systemdesign criteria; and

B llect datato project tine and
ef fecti veness of full-scal e treat nent
syst emper f or nance of the SVE
system

TREATMENT SYSTEM DESCRI PTI ON

Soeci fic objectives of thetreatability study

i ncl uded det erminati on of wel | spaci ng and
vel | screeninginterval s for full-scal e applica
tion, evaluationof full-scal eflowrate, vacuum
and granul ar acti vated carbon (GAXQ require-
nents, estimation of cost and tine required
for full-scal e renedi ati on, and col | ecti on of
addi tional subsurface condition data that
coul d af fect full-scal edesign Inaddition,
concentrations of d . and chl orof ormi nthe
extracted soi | vapor was al so neasur ed.

Treat nent System Description and
Operation [4]

Treat nent SystemDescri ption

As showninFHgure A1, the SEpilot treat-
nent systemi ncl uded four vapor extraction
wel | s and two noni toring wel I's. Two extrac-
tionwell's (SVE1S and SVE2S) wer e desi gned
to study t he shal | owzone, and two extracti on
well's (SVE- 1D and SVE-2D were designed to
st udy t he deep zone.

Shal | owand deep noni toring wel I s (MP-1S
and MP-1D) were 4 inches i n di anet er and
equi pped wi th several probes at vari ous

dept hs. The wel | casi hgs wer e schedul e 80,
pol yvi nyl chl oride (PO casings wth 0. 01-
inch sl ot wre wapped stainl ess steel screens,
except for SVE-1Swhi ch had a 0. 01-i nch PVC
screen. As showninFHgure A2, the extraction
wel | s were pi ped to an ai r/water separator,
vacuumpunp/ bl ower, and two 1, 000-1b
activat ed carbon cani sters. The treated vapors
vere di scharged to the ai r through a 20-f oot
hi gh st ack.

per ati onal Tests

Three operational tests (step, steady-state,

and gas tracer) were perforned for 10 days

on each wel | wi t hinthe shal | owand deep
zones. During the tests, the vacuumwas
varied to optini ze perfornance of the shal |l ow
and deep wel I s. The step test was conduct ed

by punpi ng each wel | at increnental |y i n-
creasi hg vacuuns t o observe the fl owrate
response. Results of the steptest were used
todetermine aflowrate for the second phase,
asteady-statetest. Thesteptest results were
alsousedtoestablishdesigncriteriafor
extractionwelI's, punpi ng, and vapor treat-
nent equi pnent required for full-scal e rene-
diation. The steady-state test was conduct ed,
per the conditions deternminedinthe steptest,
to study renoval rate of contamnants (Qd ,
and chl oroform. At the end of the steady-
statetest, the gas tracer test was conduct ed
toevaluate soil gas velocitiesandtocal cul ate
perneabi litytoair.

Vel | s SVE- 1D and SVE- 1S wer e oper at ed f or
appr oxi mat el y 200 hour s each and wel | s SVE
2D and SVE- 2S wer e oper at ed f or appr oxi -

nat el y 50 hours each. Atotal of 45 pounds of
vol ati | e organi ¢ conpounds wer e capt ured by
the granul ar acti vat ed carbon syst emduri ng
thetreatability study.

Pretest, operational, and post-test sanpling
and anal ysi s were perforned by both on-site
(d ose Support Laboratory or C3) and of f-site
| aboratories (Gontract Laboratory Programor
aP. Sanples of soil, extracted soil vapor,
carbon outl et gas, and water fromthe air/

wat er separator were al so col | ected and

anal yzed. Syringe sanpl es were col | ected for
anal ysi s by the CS, cani ster sanpl es were

col l ected for anal ysi s by AP.
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l APPENDI X A - TREATABI LI TY SsTupby (conT.) I

TREATMENT SYSTEM DESCRI PTION (cont.)

Figure A-1. SVE Test Cell Layout [4]

Figure A-2. General Schenatic of the SVE Treat nent System]4]
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Procurerment Process/ Treatability Study Cost [4]

Mor ri son- Knudsen Cor por ati on Envi r onnent al
Servi ces, under Alternative Renedi al Gontracts
Strategy (ARCS) Contract Nunber 68-V@-
0025, inconjunctionwth BPARegion M1, BPA
Ada Laboratory, and t he NDEQ conduct ed t he
treatability study as the first phase of the

TREATABI LI TY STUDY RESULTS

Renedi al Desi gn of the Hastings VI | Nunber
3 Qubsite. The cost of thetreatability study
and renedi al desi gn was appr oxi mat el y

$400, 000. Projected full -scal e treat nent
costs are di scussed bel ow

Qperating Paraneters and Perfornmance
Data [ 4]

The operating paraneters for the step and
steady-state tests conduct ed during t he
treatability study are shownin Tabl e A1

Data on total mass renoved and post -t est
concentrations of G, inextracted soil vapor
arepresentedinFHgures A3toA10for the
four extractionwells (SV&1D SVE2D SVE1S

and SVE-2S5). These results are summari zed i n
Tabl e A-2.

Tabl e A-3 conpares resul ts of the pre-test and
post-test anal yses of soil vapor sanpl es
collectedat thesite. Resultsfor bothoff-site
and on-site anal yses for G , and chl orof orm
are presented for sanpl es col | ected fromt he
four extracti onwells and seven noni toring
probe | ocati ons.

Tabl e A-1. Qperating Paraneters for the Pilot-Scale SVE Treatability Study at the Hastings Wl | Nunber 3 Subsite [4]

Operational Test SVE-1D SVE-2D SVE-1S SVE-28
Step Test (Up) 2.85 2.85 3.08 -
Applied  Vacuum at 5.30 6.21 6.52 -
Well Head (in. Hg) 6.92 9.19 9.37 -
8.55 12.63 12.63 -
1141 14.66 -
11.81 12.02 -
Step Test (Down) 10.08 13.85 -
Applied Vacuum at 7.33 9.17 =
Well Head (in. Hg) 5.70 6.52 =
3.26 3.06 =
Observed TFlow Rates 65 (min.) 65 (min.) 48 (min.) -
ab Well (scfm) 205 (max.) 175 (max.) 178 (max.) -
Duration of Step Test 30.17 6.17 27.43 =
(hours)
Steady-State 118 114 13
Applied Vacuum at
Well Head (in. Hg)
Duration of 168 168 48
Steady-State Test
(hours)
Total Operating Time 198.17 51.17 195.43 48
(hours)
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l APPENDI X A - TREATABI LI TY SsTupby (conT.) I

TREATABI LI TY STUDY RESULTS (cont.)

Figure A-3. Total Mass Renoved in Extraction Wl | SVE-1D Figure A-4. Concentration of Carbon Tetrachl oride in Extraction
Carbon Tetrachl ori de & Chl or of orm(Based on CSL Resul ts) [4] Wl | SVE- 1D (Based on CSL Results) [4]

Figure A-5. Total Mass Renoved in Extraction Wl | SVE-2D Figure A-6. Concentration of Carbon Tetrachl oride in Extraction
Carbon Tetrachl ori de and Chl or of orm(Based on CSL Results) [4] Wl | SVE-2D (Based on CSL Results) [4]

Figure A-7. Total Mass Renoved in Extraction Wl | SVE-1S Figure A-8. Concentration of Carbon Tetrachl oride in Extraction

Carbon Tetrachl ori de and Chl or of orm(Based on CSL Results) [4] Wl | SVE-1S (Based on CSL Results) [4]
Figure A-9. Total Mass Renoved in Extraction Wl | SVE-2S Figure A-10. Concentration of Carbon Tetrachloride in
Carbon Tetrachl ori de and Chl or of orm(Based on CSL Results) [4] Extraction Wl | SVE-2S (Based on CSL Resul ts) [4]
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TREATABI LI TY STUDY RESULTS (cont.)
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Tabl e A-2. Summary of C(:l4 and Chl or of ormMass Renoval by the SVE System] 4]

4 Post-Test Concentration
Duration of SVE System Mass of CCl and (CSL) of CCl , in Extracted
Well Operation (hrs) Chloroform Extracted (lbs) Soil  Vapors (ug/L)

SVE-1D 198.17 35 80
SVE-2D 51.17 3 12
SVE-18 195.43 6 1.0
SVE-28 48 0.5 32
Total = 44.5 =

CSL - d ose Support Laboratory (on-site).

Tabl e A-3. Conpari son of Pre-Test and Post-Test Soil Vapor Concentrations

of Cpand Chl or of orm[ 4]

CLP  Results CSL  Results
CIC1S Chloroform CCIL, Chloroform
(ng/1) (ng/1) (/1) (ng/1)
SVE-1D Pre-Test 04/15/91 20 0.39 440 1
Post-Test 04/26/91 48 1.8 80 0.2
aVI-2D Pre-Test 04/15/91 100 11 0.3 ND
Post-Test 04/26/91 9.4 0.11 12 0.1
SR 1S Pre-Test 04/15/91 100 28 il 0.12
Post-Test 05/09/91 1.7 ND 1.0 0.3
SVI-28 Pre-Test 04/15/91 130 3.1 40 2
Post-Test 05/09/91 48 1.8 32 0.9
WP—1D-D Pre-Test 04/15/91 360 5 31 ND
Post-Test 04/26/91 280 41 250 2.0
WP_1D-F Pre-Test 04/15/91 540 5.3 270 0.9
Post-Test 04/26/91 200 3.3 240 2.0
VP-1D-F Pre-Test 04/15/91 480 4.3 64 0.4
Post-Test 04/26/91 240 1.8 190 1.0
WD Pre-Test 04/15/91 200 1.6 19 0.2
Post-Test 04/28/91 190 0.96 110 0.5
VP—1S—4A Pre-Test 04/15/91 130 2.6 30 0.7
Post-Test 05/09/91 ND ND 0.3 0.003
VP-13-B Pre-Test 04/15/91 240 4.8 38 0.5
Post-Test 05/09/91 ND ND 0.3 0.005
VPS¢ Pre-Test 04/15/91 250 5.1 21 0.8
Post-Test 04/26/91 ND ND 0.01 0.002

CLP - Gontract Laboratory Program(off-site).

CSL - d ose Support Laboratory (on-site).

ND - Not detected.
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Performance Data Assessment

Areviewof the data shownin Table A2
indicates that atotal of 38 pounds of GJ , and
chl or of or mwer e extract ed fromt he deep

wel I's (35 pounds fromSVE- 1D and 3 pounds
fromSVE2D). Atotal of 6.5 pounds of GJ ,
and chl or of or mwer e extract ed fromt he

shal | owwel I s (6 pounds fromSVE- 1S and 0. 5
pounds fromSVE-2S). The deep wel | t hat

oper at ed for approxi nat el y 200 hour s ex-
tracted 35 pounds of G , and chl orof orm
conpared to the shal | owwel | that extracted 6
pounds of contam nants, and t he deep wel |

t hat oper at ed appr oxi nat el y 50 hours ex-
tracted 3 pounds of Gd , and chl orof orm
conpared to the shal | owwel | that extracted
0.5 pounds of contam nants.

Fgures A3, A5 A7, and A9indicatethat
renoval of Gd . and chl or of or mfromeach
vel | increased fromthe start to finishof each
test; however, Hgures A4, A5 A8, and A10
i ndi cat e that the neasured concentrati ons of
CI]4inthefour extractionwel s fl uct uat ed

t hr oughout t he SVE syst emoperati on. For
exanpl e, during the steady-state test on SV&
1D, soil gas concentrations were neasured as
hi gh as 1, 700 pg/ L and were reduced to
approxi nat el y 200 pg/ L after 168 hour s of
operation (shown on F gure A-4).

Qoncentrations of QJ , neasured i n soi | vapor
sanpl es ranged from20 pg/ L to 540 pg/ L pre-
test, and ranged fromnon- det ect abl e t 0 280
Mo/ L post-test, asreported by AP. Asre-
ported by C3L, Gd , concentrations ranged
fromO0.3 pg/Lto 440 pg/ L pre-test, and
ranged from0. 01 pg/ L to 250 g/ L post-test.

Goncentrations of chl orof ormneasured i n soi
vapor sanpl es ranged from0. 39 pg/L to 28
Mg/ L pre-test, and ranged fromnon-det ect abl e
to4.1pg/L post-test, as reported by AP. As
reported by CSL, chl orof ormconcentrati ons
ranged fromnon-detectabl e to 2 pg/ L pre-
test, and ranged from0.002 pg/Lto 2.0 pg/ L
post -t est.

Soil gasrangesinpre-test/post-test soil vapor
sanpl e anal yses as reported by QP indicate
that concentrations of GJ , and chloroform

decreased inten of the el even | ocati ons

tested as reported by A_P. Goncentrations
decreased for only seven of the el even QJ
sanpl es, and for four of the el even chl orof orm
sanpl es, as reported by C3L..

Performance Data Conpl eteness

Dat a characteri ze concentrati ons of contamn -
nants i n soil vapors fromeach extracti on wel |
over the course of thetreatability study, and
show howtreat ment perfornance varies with
operating conditions of the SVEsystem

Performance Data Quality [4]

Qual i ty assurance procedures of the on-site

| abor at ory i ncl uded decont am nati on proce-
dures for sanpl e equi pnent, calibration
checks on anal ytical equi pnent, use of
calibrationstandards, anal ysis of water bl anks,
and use of BPAaudit sanples. df-site anal y-
ses were performed as specified by the QP
program No exceptions to the Q¥ QCproto-
col were noted by t he vendor.

Proj ected Ful | - Scal e Tr eat nent
Application Design [2]

Aprelinnary designfor afull-scale S\E

treat nent syst emwas provi ded by Morri son-
Knudsen, based ontheresults of the treatabil -
ity study, as shownin Table A4. Thefull-scal e
syst emwas desi gned t o i ncl ude t hree new
deep and i nternedi at e extraction wel | s and

t hree new deep noni tori ng probes i n addi ti on
tothe existing pilot-scal e SSEsystem Qe
shal | owwel | was i ntended t o be repl aced by a
newshal | owwel | ; otherw se, theentirepilot-
scal e systemwas i ntended to be used in full -
scal e treat nent application.

SVE was i npl enent ed at the Hastings Vel |
Nunber 3 Subsite. The precedi ng report
present s observati ons and | essons | ear ned
concerning the full-scal e application, including
observati ons concerning the results of the
treatability study.
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TREATABI LI TY STUDY RESULTS (cont.)

Tabl e A-4. Prelimnary Design for Full-Scal e SVE Systemat the Hastings Wl | Nunber 3 Subsite [2]

Design Parameter Value

Extraction Wells

Screened intervals of three wells: 20-40 feet (shallow)
50-80 feet (intermediate)
80110 feet (deep)

Radius of influence: 100 feet
Wellhead  vacuum: J in. Hg
Flow Rate per well pair; 300 scfm
Well  Diameter: 4 inches

Soil Gas Conditions at Wellhead

Carbon tetrachloride, maximum: 1,800 pg/L
Carbon tetrachloride, average: 100 pg/L
Chloroform, maximum: 30 ug/L
Chloroform, average: 3 ng/L
Temperature: 50- F
Relative humidity: 100%
Pressure, absolute: 25 in. Hg
Maximum total flow rate: 900 scfm
1,300 acfm
GAC System  Criteria
Removal  capacity: 0.2 1b CCT, /1b GAC
Maximum total flow rate: 1,300 acfm
Number of adsorbers per stage: 3
Number of stages: 2
Total number of adsorbers: 6
Adsorber  diameter: 42" min.
Adsorber face velocity: 60 t/min (max)
Mass of GAC per adsorber: 1,000 Ib
Total mass of GAC: 6,000 hr
Totall adsorber capacity: 1,200 1b CCL
Vacuum Pump Criteria
Maximum total flow rate: 900 scfm
1,300 acfm
Inlet  vacuum: 9in. Hg
Inlet temperature: 70 F
Outlet pressure: 23 n. I ,0
Site Design  Conditions
Elevation: 1,900 ft
Barometric pressure: 28 in. Hg
Wind loading: 80 mph
Mean ambient temperature: 50- F
Minimum ambient temperature: =30 F
Maximum ambient temperature: 10 F
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TREATABI LI TY STUDY RESULTS (cont.)

Proj ected Ful | -Scal e Cost [2, 4] Full -scal e treat nent activitieswereanticipatedto
require 1.5to 2 years, wth systemshut downs
every three nont hs for systemper f or nance

eval uation. However, the subsequent full -scal e
activitiesdidnot requirethislengthof tineto

achi eve t he treat nent goal s.

Tabl e A5 presents estinated costs for con-
struction and a ni ne- nont h shakedown peri od
at the Hastings Vél | Nunber 3 Subsite. A
conpl et e breakdown of these costs was not
presentedinthe avail abl e docunent at i on.

Tabl e A-5. Projected Ful | -Scal e Cost of Soil Vapor Extraction at the Hastings VI Nunber 3 Subsite* [2]

Capital Costs

[tem Estimated Costs
Granular Activated Carbon $14,882
Modular  Equipment $82,162
Capital ~ Cost  Subtotal $97,044
Operation  and  Maintenance  (0&M)  Costs
Item Estimated Costs
Construction $102.223
Architect/Engineer Construction — Services $106,448
Nine-Month ~ Shakedown O&M $141,925
0&M Cost Subtotal $350,596
TOTAL COST FOR CONSTRUCTIQN AND 447 840

*These costs address renedi al construction and a ni ne-nont h shakedown period. No costs for
operation and mai nt enance of the SVE systemwere provided i nthe avail abl e docunent ati on.

OBSERVATI ONS AND LESSONS LEARNED

B Atotal of 45 pounds of QJ , and reported by C3L, Gd , concentrations

chl or of ormwer e renoved duri ng t he
treatability study using four extraction
vells. Thirty-eight pounds of GJ , and
chl or of or mwer e extract ed fromt he
deep wel I's, and 6.5 pounds wer e
extracted fromt he shal | owwel | s. The
deep wel | that operated for approxi-
nmat el y 200 hours extract ed 35
pounds of Gd , and chl orof orm
conpared to the shal | owwel | that
extracted 6 pounds of QJ , and

chl orof orm The deep wel | that

oper at ed for approxi nat el y 50 hour s
extracted 3 pounds of QJ , and

chl or of ormconpared to t he shal | ow
vel | that extracted 0.5 pounds of GJ
and chl or of orm

Qoncentrations of GJ , neasured i n
soi | vapor sanpl es ranged from

20 pg/ L to 540 pg/ L pre-test, and
ranged fromnon- det ect abl e t o 280

ranged fromO. 3 pg/L to 440 pg/ L pre-test,
and ranged from0. 01 pg/ L t o 250 pg/ L
post-test. Goncentrations of chl orof orm
neasured i n soi | vapor sanpl es ranged
from0.39 yg/L to

28 pg/ L pre-test, and ranged fromnon-
detectableto 4.1 pg/L post-test, as
reported by AP. As reported by C3,

chl or of ormconcentrati ons ranged from
non-detectableto 2 ug/L pre-test, and
ranged from0. 002 pg/L to 2. 0 pg/ L post -
test.

Resul ts of soil vapor anal yses perf or ned
by C and APdifferedinthetreatability
study; a possi bl e expl anation for these
differences is that the C3L sanpl es were
col | ected by syringe and t he CLP sanpl es

vere col | ected by cani ster.

Desi gn of a full-scal e SVE syst emwas
based ontheresults fromthetreatability

RPF-051.pm5\1116-02.pm5
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Noti ce

Preparation of this report has been funded whol Iy or inpart by the US Environnental Protec-
ti on Agency under Contract Nunber 68-VB-0001. Thi s report has been subject to adm nistra-
tive revi ewby BPA headquart ers and Regi onal staff and by the t echnol ogy vendor. Menti on of
trade nanes for commerci al products does not constitute endorsenent or recommendation for

use.
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